the use of a cell-free protein synthesis system programmed by p o x 7 and POX13 DNA we have examined the synthesis of precursors of the two closely related periplasmic binding proteins and the processing of these precursors.
MATERIALS
Materials for polyacrylamide gels were obtained from Bio-Rad Laboratories. RNasefree sucrose and deoxyribonuclease I1 were from Sigma. Ribonuclease was obtained from Miles Laboratories. L-[j5 S] methionine, 600 Ci/mmole, was obtained from Amersham.
METHODS

Cells
In this study the RNase-strain AE1 (rNS-X-Aton B trp AE1 trpR-) [7] was used in the preparation of S-30, S-100, and ribosomes.
Cell-Free Protein Synthesis
translation systems, one that contained membrane material (S-30) and one that was membrane free (S-100 plus ribosomes). The S-30 fractions and the reaction mixtures were prepared as described by Zubay [ 8 ] with slight modification [9] . Plasmid DNA used as the template was isolated from transformed strains [9] and purified by cesium chloride gradient centrifugation [ l o ] . Synthesis was terminated with the addition of DNase (250 pg/ml), RNase (250 pglml), and unlabeled methionine.
For the preparation of membrane-free reaction mixtures (S-100) the S-30 preparations were centrifuged at 100,OOOg for 2h, and only the upper two-thirds of the supernatant fraction was retained. The S-100 fraction was devoid of membranes as indicated by the loss of NADH oxidase activity, an inner membrane marker enzyme [ 1 1 ] . Membrane-free ribosomes were prepared by the procedure described by Godson and Sinsheimer [ 121 with slight modification. One liter of cells were grown in Luria Broth at 37°C to an A600 of 0.8. The cell suspension was cooled slowly on ice (1 5 min). Cells were harvested and resuspended in 10 ml of ice-cold sucrose 25% (w/v) in 50 mM Tris-HC1 pH 8.1. After cooling on ice for 2 min, 1 ml of lysozyme (6.4 mg/ml) in 50 mM Tris-HC1 pH 8.1 and 1 ml of EDTA (20 
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a solution containing 1.5 ml of Brij 35 5% (w/v) in 10 mM Tris-HC1 pH 7.2 and 1.5 ml of 0.125 M MgS04. The resulting suspension was mixed gently at room temperature for 10 min. The lysate was centrifuged at 4°C in a Beckman 50Ti rotor at 42,000 rpm for 5 min. The supernatant fluid was removed and centrifuged again at 42,000 rpm for 5 min. The supernatant fluid was removed and centrifuged again at 42,000 rpm for 60 min to pellet the ribosomes. The resulting pellet was resuspended with 0.2 ml of 10 mM Trisacetate pH 8.2, 10 mM Mg acetate, and 1 mM dithiothreitol. Small portions (25 pl) were stored frozen at -70°C. Optimal concentrations of ribosomes and Mgt2 for in vitro synthesis were determined for each preparation. 
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Membrane Preparations et a1 [ 1 3 ] , except that triethanolamine buffers were replaced by Tris-acetate buffers at pH 8.2.
Polyacrylamide Gel Electrophoresis
Samples of in vitro reaction mixtures were combined with SDS-sample buffer [I41 and boiled for 5 min prior to electrophoresis. Slab gels containing 12.5% acrylamide and 0.1 % SDS were prepared as described by Laemmli [ 141 . Gels were fixed and stained in a solution containing methanol 50% (v/v), acetic acid 10% (v/v), and Commassie blue 0.1% (w/v). The gels were destained in 10% acetic acid, dried on filter paper, and autoradiographed.
Inside out membrane vesicles were prepared from strain AE1 as described by Chang
RESULTS
In Vitro Expression of p o x 7 and pOX13
contained the 4 known high-affinity branched-chain amino acid transport genes [4] . Two of the subcloning strategies applied to the parental plasmid POX1 led to the isolation of hybrid plasmids, each containing one of the binding protein genes. The p o x 7 plasmid contains the ZivK gene, and the pOX13 plasmid contains the ZivJgene, which code for the leucine-specific and LIV-binding proteins, respectively.
When p o x 7 DNA was used as a template for in vitro protein synthesis in an S-30 reaction mixture, two proteins related to the leucine-specific binding protein were produced (Fig. 1) . The larger protein has an apparent molecular weight of 42,000 and has been identified as the leucine-specific binding protein precursor [5] . The second protein has an apparent molecular weight identical to the leucine-specific binding protein. Protein synthesis directed by the pOXl3 plasmid produced 2 proteins related to the LIV-binding protein with apparent molecular weights of 40,000 and 38,000 (Fig. 1) . The former protein is the presumed precursor of the LIV-binding protein, while the latter has a molecular weight identical to mature LIV-binding protein. The identity of these proteins was further verified by their cross-reactivity with antibodies specific for the mature branched-chain amino acid binding proteins (data not shown). Complementation analysis [6] showed that positive complementation of ZivK mutations was observed when strains were transformed with the p o x 7 plasmid. Similarly, pOX13 complemented only ZivJ binding protein mutations [6] .
We have described previously the cloning of a 13 kb EcoRl DNA fragment which methionine-labeled proteins were synthesized in a S-100 containing reaction mixture with p o x 7 DNA as template. After 60 min of synthesis the reaction was terminated with DNase, RNase, and unlabeled methionine. Portions of the reaction mixture were combined with an equal volume of HzO (lane 1) or inside-out membrane vesicles (0.13 mg protein/ml) (lane 2). Incubation was continued for 60 min at 37°C. The products were analyzed by SDS-polyacrylamide gel electro phoresis followed by autoradiography of the dried gel. The position of mature leucine-specific binding protein is indicated.
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Processing of Precursor Forms
In vitro synthesis using the S-30 system produced precursor and mature forms of both binding proteins (Fig. l) , indicating the presence of processing activity in the S-30 fraction. During the synthesis period there is a slight amount of processing of the leucinespecific binding protein precursor, and considerable processing of the LIV-binding protein occurs. We had observed previously that continued incubation of the in vitro synthesis mixture for 1 h following termination of synthesis produced additional processing of the leucine-specific binding protein [S] . This postsynthetic processing was also observed for the LIV-binding protein (Fig. 2) 
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The reported membrane association of processing activity suggests that the processing activity in the S-30 fraction may be due to the presence of membrane in the preparations (see Methods). To verify the membrane association of the processing activity a membrane-free in vitro protein-synthesizing system was sought. This system was established by removing membrane material and ribosomes from the S-30 fraction. As described in Methods, S-1 00 fraction was prepared and supplemented with membrane-free ribosomes. Figure 3 demonstrates that the removal of membrane from the reaction mixture eliminated the processing activity observed during the synthetic period and post-translationally.
This S-1 00 system was used to determine whether exogenously added membrane preparations contained processing activity. Large amounts of inverted membrane vesicle preparations added during the synthesis period severely decreased the amount of label incorporated into proteins. When membrane vesicles (0.13 mg protein/ml) were added posttranslationally an increase in the processing of the leucine-specific binding precursor was observed (Fig. 4) . Whether this post-translational processing is accompanied by translocation of the binding protein into the membrane vesicles, as might be predicted by the membrane trigger hypothesis [3] ,has not been established.
Inhibition of Processing
could not be inhibited by the protease inhibitors phenylmethyl sulfonyl fluoride; trypsin inhibitors from soybean, eggwhite, and lima bean; or aprotinin. Similarly, the membraneperturbing agents procaine and tetracaine had no effect. Ethanol slightly inhibited processing; however, methanol and acetonitrite had no effect. Dipeptides that were represented in the signal peptide sequence of the leucine-specific binding protein [S] such as methionylalanine or the dipeptide that spans the processing site, alanylaspartate, had no effect on processing.
The processing activity observed in reaction mixtures containing a S-30 fraction
DISCUSSION
The two plasmids p o x 7 and pOX13 subcloned from the parental plasmid POX1 both carry the gene for one of the leucine-binding proteins. p o x 7 carries the livK gene coding for the leucine-specific binding protein, and pOXl3 carries the IivJ gene coding for the LIV-binding protein. Precursor forms of both binding proteins were detected when p o x 7 or pOX13 DNA were used t o program an in vitro coupled transcription/translational system (Fig. 1) . The production of precursor forms of these periplasmic proteins is in agreement with the hypothesis that prokaryotic membrane and secreted proteins are made as larger precursor forms similar to that observed for many eukaryotic secreted and membrane proteins [2, 201 . The precursor forms of the two binding proteins are processed to proteins that have molecular weights identical to their respective mature forms. Previous reports describing processing activity in E coli indicated that this activity was membrane associated [ . The processing activity acting on these periplasmic binding protein precursors appears also to be membrane associated. Efficient processing could be observed by first synthesizing the precursors in vitro for 60 min with the membranecontaining s-30 fractions and then allowing post-translational processing by incubating the reaction mixture for an additional 60 min (Fig. 2) . The removal of membrane from the reaction mixture by preparing a S-100 fraction permitted synthesis of the precursor forms without producing significant processing (Fig. 3) . The addition of membrane preparations following synthesis of the precursors produced post-translational processing (Fig. 4) . We have not been able to demonstrate increased processing or sequestering when exogenous membrane preparations are added to S-1 00 containing reactions during synthesis due to severe inhibition of synthesis. Addition of membrane vesicles following synthesis in S-100 containing reactions does, however, increase processing. Translocation into intact vesicles under these conditions has not been determined. two binding protein precursors. The mature proteins have 80% homology [21] in their amino acid sequences, which suggests that they are a result of a gene duplication. In spite of this homology in the primary structure of the mature forms, their signal peptide sequences have only 60% homology [5; R.C. Landick unpublished data] . The difference in amino acid sequence of the signal region is presumably the basis for this difference in processing efficiencies.
Attempts are being made in this and other laboratories to isolate leader peptidase activity from E coli membranes to determine whether a single enzyme is responsible for processing more than one or several precursor proteins. We have observed that when purified leader peptidase active on M13 precoat protein (kindly provided to us by C. Zwizinski and W. Wickner) was present during synthesis in a S-100 containing reaction the LIVbinding protein was completely processed to its mature form. Processing of the leucinespecific binding protein was also increased significantly. Studies are under way to confirm the fidelity of these processing events.
We have observed a significant difference in the efficiency in the processing of the
